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OBJECTIVE

Determine the effects of noise exposure on hearing performance of engineering per-
sonnel standing 1-in-3 watches in spaces having steady-state noise levels of 94 (£7) dBA.

RESULTS

1. Effects of continual 1-in-3 watches (4 hours in noise and 8 out) over a 10-day
period were evaluated, (See CONCLUSIONS in report proper.)

RECOMMENDATIONS

1. Verify the results of this study by repeating the most significant parts with an ex-
panded shipboard team.

2. Develop a wearable noise level accumulator to supplement existing noise dosi- i!
meters and to better correlate performance and hearing tests to actual noise exposure. E

3. Implement educational and compliance techniyues to encourage more people to
wear hearing protection to help save their hearing, improve their psychomotor performance,
and reduce their perceptual interference in noise,
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INIRODUCTION

This report, one of very few tield studies of the effects of noise on huaring and per-
formance, is as important for its eventual shortcomings as for its solid scientific (statistically
significant) findings. First, it should be pointed out that for budgetary reasons the original
research proposal was significantly altered. Ag initially planned. it was to be a comprehen-
sive study of the effects on engineering and air department personnel of noise, eat/humidity,
ship routine, and oversea deployment stresses on hearing, performance, sleep, type and extent
of sick call and morale. As actually carried out, the study was limited to the effects of noise
exposure on hearing and performance of engineering personnet standing 1-in-3 watches in
spaces having steady-state noise levels of 94 (£7) dBA. The original intent was to find the
etfects on recovery from noise-induced temporary threshold shifts of betweenswatch noise
levels in berthing/messing spaces and recreation and/or routine activitivs, Initial plans were
for doing the study on an aircraft carrier (CV) going into an extensive overhaul program so
that noise control measures could have been instituted in nonwatch arcas, Instead, opera-
tional constraints resufted in performing the study ona ship, the USS ORISKANY (CVA 34y,
that was making its fust deployment betore being decommissioned.

A second area of compromise concerned the original choice between i general field
(ship) study and controlled laboratory experiment. Laboratory experimentation is appro-
priate for defining precise noise exposure limits, but fiekd studies are necessiry to validate
them. 1 faboratory results are to be valid, differences between ficld and laboratory behavior
of thy subjects for the total day, week, or month must be accounted tor, “This invalves
vlaborate simulations in the laboratory, as, for example, in Project PING, in which 20 sailors
were condined 1o an emsonitied barrachs for 60 days (see vel 1, Cantrell, 1974), or pross
extrapolations of data for example, performance tost resudts Tor 30-minute exposures (see
reb 2, Hartley and Adams, 19743 to predict resalts for 240 minutes, Present-day limitations
ont the wse of human subjects atud in Tact the applicablity of research resalis 1o opertional
sitwations (Mansticld Amendments  make justitving, setting up, pettimg subjects tor, amd
it tisic laboratory studies even more costly sl time-consuming, For these reisons
it i easier (o justily Fiekd (\hipy studies even though it s known inadvanee that maintaining
adequiatte vontrobs is ditficult i not ampossible. I tis cine 1he stedy sble noise exposiires
involved (94 (271 ABA)Y 1or an average of 8 hours perday fover o ddiy oveled exceed altows
able ity as spevitied by Oveupationad Sadety and Health Administation Stambards tOSHA)
tref 3y or US Navy tBumed INST 6260.08, ref 41 instructions. Pheretore, sustily ing this
risky exposure fora Tahoratory experment would be Bme-consusting, expensive, anl perbigs
even (utdle, whereas USN mavhinist antes stand these types of swatches diey in amd day ow
Gat et on certain sustamed steummg periods the 1y pe of conation chosen tor this stady s,
Sumbarly, the apphivabibity of the resalis inowgain balt tnto the sidy . thew are precinely the
vonditions that new ek, in which men work and e, B oproperly controbled, this i g
eelatively ineapensive and timessaving methad ot averbng a Jabotatory siulation.

FOampretl, RW (19200, Produnpged expasute b mtenmtiont ot Aadpstietin, B et al, Mot
Pay vl ab amd Sleep Bieats, Bas gsonpse, Suppdesment E 800100 Pare >, thabe

FHiantten, DI amd Adam, RGP, Tt tuse on B Mo teat 3 Epee Bl 102 0008 e
PUN Departinent ot baboe COuouparingal Satens aimd Health Satnlands | sdeeal Regitee, \NAVEL Bac 8L
Waslngton, DO, ju?

N Buevan ol Medicae binteas o b Wil 8 A B0
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The more elaborate coordinated multidiscipline study originally planned and nec-
essary for the understanding of the effects ol noise on all measurable aspects ol human en-
deavor will not be discussed here, But parts of the compromise, preplanned, carefully
counterbalanced experimental design and its intended implementation will be described in
order to iltustrate the many problems inherent in field experiments as well as the compro-
mises necessary to salvage useful data from them. As stated in the opening sentence, perhaps
as much is to be learned from the problems encountered as from the results.

METHOD
EXPERIMENTAL GROUPS

There is a choice of two general methods of trying to control the measurements of
the effects of noise exposure on experimental subjects: cither use the same subjects under
both noisy and quiet conditions, or use different groups, one in noise, the other in quiet,
Since heat/humidity stresses were also usually present in the noisy areas studied here (fire/
machinery rooms), a modification of the second method using three groups was employed.
One group of 24 men, cight on cach of three watches (8X3), was selected that stood
watches in the noisy arcas (94(27) dBA) and by their own choice wore no hearing protec-
tion (see fig 1). This first group was called the Unprotected Noise (UNgroup. A second
group of 12 men (4X3) was selected that stood wateh in the same noisy areas but who either
habitually or for the duration of these tests wore hearing protectors  plugs or mufts that
attenuated sounds in the speech range, 500 4000 Hz, by 18 (2 7y dB (see fig 2. This second
group was called the Protected Noise (PN) group. A third group of 12, the Quiet (Q) group,
stood watches in levels of 69 (23) dBA (see fig 3.

From the very first baseline tests (while ORISKANY was still at dock in Atameda,
California), and throughout the whole at-xea period, the preselected growpings were unavoid-
ably subject to change, New men had to be added due to job and/or watel sehedule rearranges
ments, sickness, absences without leave, continenent in the brig, and the reluctance of the
volunteer subjects to vontinue as the experiment progressed,

Even the assignment of men to experimental growps had to be chimged when it wis
noted that may members of the UN group wore sotnd-powered telephones (SPP) at their
duty stations (see fig dand 52 Worse yet, same wore SPP part of the time but nod always,
That is, they oceasionully substituted for, oF swapped jobs For, one particular wateh or part
of it. For example, on the duy they were given the pertormuance tesds, their duty inchuded
aeting as an 3PP talker tsee 4ig 60, These men were vonsequemily rechasttied from the UN
to the PN group when the resulis of the performance tests were tnterpretad, However, when
asked at the termination of the experiiment whether o not they wore protection, four ol
the subjecty who were observed wearing SPP var cishions sand they were just pinch hintting
for i mate on the day of the performunce testsand were unprotected most ot the e in
actuality, therefore, the composition of the sample popalations varied smrewhal e varnuns
phases of the audy, For example, there were always §2 subsjeets it OQ wronp even thoggh
all 12 did not partiaipate moevery pline, For the atshometene tests there were FHOQ stibjedts,
11an the PN growp, 9 the UN group, and 8 i te Asamed Unprotestad group tAUNL
For the two performance tests the subgects avatkable weee P2 Q. TS BN amd 19 UN,




Figure 1. Subject in number | lire woon who wote no heanng protection
and was therefore i the unprotected none (BN goap
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Figure 3. Subject in quiet (Q) group showrtat fus nonnd work station in
the Oil Lab,

Fignee 4 SubgectUnogutally asspuied S BN g who ai b duty statest

waite satmbmavered telephvne (PP mati whnhpattially postected das

heartig. He was sevhasatied 1o the 1N geowgom evabuatingt s pethomanee
e




Figure S, Two subjects on the same watch in number | tire moom. Subject at
left was Found 1o be wearing SPP so was reckisitied 1o the PN group for the
pertormance tests. Subject to nght was in UN group.

ygare f Subyeot o the 1N oot whae, ot vy avs, pethamnad a gol which
gespuaterd Bt b wear a S headaet, o b of Biranpy protectom Lo
plivnpraph, Taken when the pethariange teabs s e, plave this manan
tie PN g bt the pethanmanmos tests It s the awuined wnpnsected s
SALIND roup tof the andpuiettn heats




NOISE EXPOSURE

Two factors determine noise exposure--noise level (at the inner ear) and duration of
exposure. In practical terms this involves measuring the ambient noise level (at ear canal),
the duration for each level, and the amount of sound attenuation (hearing protection)
between the sound just outside the ear canal and the oval window (entrance to the inner
ear). The original plans called for wearable noise dosimeters and sophisticated integrating
and printout sound level equipments. The dosimeters were available, but the physical sound
level equipments were tied up in another experiment, and the only available measuring
equipment was a situple General Radio model 1565A hand-held survey sound level meter
(SLM). A-weighted sound level measurements were taken from two to cight times at dif-
ferent hours on different days in cach arca in - ich subjects stood watches. These measure-
ntents were compared with those taken in the same spaces by US Navy Preventive Medicine
Unit 6 a few months earlier under similar underway steaming conditions (ref 5).

The duration of noise exposure was ostensibly 4 hours (a normal watch period),
followed by 8 hours in quicter places, re, cated over a 2-week period. In order that the same
men would not always stand the midnight to 0400 or 0400 tc 0800 watchk, a “dog watch™ of
= hours vice the usual 4 oceurred fron, 1600 to 1800 and 1800 to 2000. A complete watch
sequence repeated itself every 3 daye; to wit, 0000-0400, 12001600, and 2000-2400: 0800-
1200 and {800-2000; and 0400-0800 and 1600-1800. Considering cach day in turi, a man
was noisc-exposed 12 hours on day | and 6 hours on days 2 and 3, or an average of 8 hours
per day. Of course, one-third of the subjects started their eyeles on day 1, another third on
day 2, and the final third on day 3. Some men who were not on wateh per se, would never
theless spend part of the usual working day (0800-1600) in the sume noisy area in which
they stood watch, On smaller ships this is often more the rule than the exeeption, but on
ORISKANY, for the 2 weeks of the study, this was more the exception than the rule. Exact
duration of exposure tnw when off wateh was not, however, carelully accounted for.
Attempts were made to account tor off-wateh activity by giving the subjects noise fog cards
to fil out, but they did not {ill them out systemativally or regularly and the attempt was
given up.

To determine the exiet noise exposures on watch, eight commercially available noise
dogimeters were available to be wom by the subiects in this study. They were of three general
types ad two makes, Three made by Dupont ware bused on a Y0-dBA threshold and the
S.dB doubling rule (790}, In this study they were given the identitv numbers 1, 2, and 3,
Pive were made by General Rudio: number 4 was based on the $/90 rule, numbens § amd o
were based on a 3/8S rule, und aumbers 7 and 8 were based on a 360 rule. Figure 7
is w nomograph for converting the doses read out on these vatious rules 1o an equivient
steady-state noise level. For this study, this is 4 valid conversion, because the noise levebs i
the subject-oceupied areis did not chinge appeeciably in level cither in time tover a &hour
wateht or within the wateh standing area, Some of the dosueters hid microphones an conds
and elips and weve worn st collur fear) level, other hid microphones integral with the unit
und were wora ut Hie chest pocket or held level. However, the noise levels were very vone
stant both < ertically wd horizontally within these mutturelective reverherant spaces, Micro
phone plicement Wiy not considered 1o be i problem ol the same hagnitade as oiher more
identifiable problems wml could certuinly aot be daTerentiated vt with the meager data that
were collected. Fugure N shows the corpusan, RA Olson, HML, calibratiisg andor teading
the dostmeters,

* 8 Navy, Favironmental and Preventive Medicine Uit o kel §2) 10l See 6P MU v, [INTRUE
August 1978 11 USS ORISKANY
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PHYSIOLOGICAL AND PERFORMANCE TESTS

Three types of measures were made on noise-exposed and control subjects: audio-
meter tests, four-choice serial reaction times, and a modificd version of the Stroop color
word test. Each test is described in the following sections.

AUDIOMETER TESTS

The first concern of excessive noise exposure is damage to hearing, either a temporary
threshold shift (TTS), which is readily measurable, or a permanent threshold shift (PTS),
which is not so easily measurable. On the average, noise exposures of 94 dBA for 4 hours
should produce some TTS if measured as prescribed; ie, within 2 minutes atter cessation of
noise exposure.

The audiometer used in these tests was the Grason-Stadler 1 703 Recording Audio-
meter, a fixed-frequency Bekesy trace type audiometer that tests first = “ue frequencies
500, 1000, 2000, 3000, 4000, 6000, and 8000 Hz in one ear (the left)- then at the same
ordering of frequencies in the right ear, and finally at 1000 Hz in the right car. Figure 9
shows two audiograms taken at 0850 and 1610 on a subject to show the expected consistency
when tested in off-watch periods. Baseline audiograms were given to the 48 preselected men
at dockside in Alameda, California, before ORISKANY feft for Pear! Harbor en route to
Subic Bay. These awdiograms were given jointly by Dr RG Klumpp of NUC and Robert A
Olson, HM!, Olson was being trained in the use of the 1703 by Dr Klumpp. Olson, or one
of his colleagues, also trained by Dr Klumpp, gave all the audiometer tests once the ship was
underway, More details on sweep speed, time on cach frequency, ete, are availuble in the
1703 technical manual.

The background noise levels in the Industrial Acoustic Corporation (1AC) audiometric
booth were checked out in detail by USN Preventive Medivine Unit 6 in August and spot
checks were alsa made by Dr RG Klumpp before ORISKANY left Alameda. The booth met
specifications, Figure 10 shows the audiometer, the booth, and Corpsman Olson, Figure 11
shows a man in the booth taking the audiometer tests,

Initial planning was centered on scheduling andiometer tests for four men at the
beginning und the end of one af their five different d-hour thet not their 2-hourt watches
sometime during their | 2-day steaming perivd. Figure 12 and table 1 show the initial plan.
Note there are three watches covering o 1 2-day steaming period (from Peard Harhor to Subie
Bay in the Philippine Islands). The numerals above and below cach 4-hour wateh in figure 12
show the subsection scheduled Tor audiometer test on that purticular wateh, Note that in
this manner each man {wateh subzection} would be tested betore and after vach wateh
period once during the 1 2-day steaming period; to wit, and as shown in tuble |, the firt
subsection of wateh one (111 s wosted before und after the 0000-0400 wateh on Jay 1, the
0400:0800 wateh on duy 3, the 08001 200 wateh on day 3, the 2000- 2400 witeh on day ?
and the 1200:1600 wuteh on day 10, Table | details how all the other 18 subsections are
vovered in this vame general manaer,

A major abjeetive of the experimental design wis 1o ger post-noise-es postre (emnd ol
wateh) audiogrims inmedintely, Consequently, within each group of subjecis threeanan
teams sere arranged, one From cach wately, stieh tht subject "™ CHEYE i able 23 could
have w prewatel audiogran amd replace =B 011 L who would tien go immediately tor

tis postivateh audiogram, §our hours Wtee ¢ 0L woauld have s pretest and replave

1
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Figure v, Sample sudiogram,
4 (12, who would immedistely have his post test, Four hours fater *b™ (111 would
hirve his pretest and replace e (1131), who would immediately have his posttest. This
cycling would continue tfor the 1 2-day test regime. The rotation scheme was supplemented
with a slight staggering of the watch periods so that the four 3-man control group teams
(31--) would change watches 30 minutes betore the scheduled wateh climge; the four 3-man
; PN teamns (21 - -) would change 15 minutes before the wateh: and the eight 3-man UN group
|| teams 1X - -} would change watches on the hour (11« <) and 1S minutes past the hour
; (2=
- At an initia] meeting aboard ship before sailing, cach man was given a 2 by 5 card
L Jisting the exuct times he was to have prewateh ind postwateh audiograms and to refivve
and/or to be relieved by his other eam members, The importance of having his postwaich
! audiogram nmedintely was emphasized repeatedly during this meeting,

In spite of initial briefings, the issuance of individual sehedule candy, dadly memos
rotating the sehedules to all involved engineering department divisions (A, B, B, M, amd Ry
tor posting, and the sending of messengers to round up delinguents, it was not posible o
get the men o the sudiometric teat booth on sehedube. Bwas o rare vednion indeed when
even a single noesexposed wadividual stared his postwateh audiogran within § minates i
teaving tie notse, OF the 10 seheduled atdiometer tesis tor every sabjeet thetore and alter
eavch o the tive different dehour perinds setitered over F2 days), the average turmout wans
SO aned the averige time after waleh was 20 (55 minutes. The delay was due 1o the




Figure 11, Subject mande audio buath tahing audiuieier el
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TABLE 2. CODE NUMBERS FOR THE 48 EXPERIMENTAL SUBJECTS
ARRANGED TO SHOW FROM TOP TO BOTTOM THE 16 THREE-MAN
TEAMS WHO CONTINUALLY REPLACED EACH OTHER ON SUCCEEDING
WATCHES. IN COLUMN { ARE LISTED THE THREE EXPERIMENTAL
GROUPS, IN COLUMN 2 THE INDIVIDUAL SUBJECT IDENTIFIERS,
IN COLUMN 3 THE WATCH SECTION NUMBER, AND IN COLUMN 4
THE SUBSECTION WATCH SECTION NUMBER.

Team tndividual Identifier
1 UN|1 1 11 PE 2 1131
2 UN|IT 211 1221 231 i
3 PN {211 2121 2131
4 Q |31 11 3121 3131
S UN|I 1 12 Py 22 1132 WATCH
6 UNJE 212 1222 1232 2
7 PN |21 12 2122 2132
8 Q {3112 3122 3132
9 UNTE 1 13 123 133 SuB.
10 UN|T 213 1223 1233 1
H PNJ2 113 2123 2133 )
12 Q {3113 I 3133 SECTION
13 UN[1 11 4 1124 1134
14 UN|T1 21 4 1224 234 4
1§ PN{2114 2124 21 34
6 Q |3 114 24 3134
1 2 3

queve at the testing booth, since everyone tended to change watehes at the scheduled time
instead of on the experimental staggered schedule, Detailed examinations of available pre-
wateh and postwatch audiograms to identity TTS revealed none,

Consequently, a new diagnostic strategy was devised,  Some time after 10 days at
sed, bwo audiograms taken before und after a wateh were compared to the subject’s baseline
audiogram taken after days and weeks in port (at Alameda prior to departure). Fight of 30
audiograms were judged by at least two people with sudiological training to show some ingdi
cation of TTS,

FOUR-CHOICE SERIAL REACTION TIME TESTS
Wilkinson (ret 6, 19691, in reviewing mubtiple-choive serinl reaction time (RT) tewts,

fouml them to be sensitive indices of the effeets of enviromnental stress, Wilkinson and
Houghton (ret’ 7, 1975) designed & portable fourchoee RT tester biased on i battery-operated

Aiikinson, RT (19691, Snme bartors iniduenving the effect of environmental sireswes v peduaniange,
Payeh Bull 72, 260072

Wilkinson, RT, and Houghton, 1 119783, Panable FoueChotee Reavion Tune Test with Magnetie Tape
Memwry, Behaviot Rosearch Methods and fnsuumentation, 784, 441 - 44b, September
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cassette tape recorder. The equipment is shown in figures 13 and 14, The subject’s task
is to push the switch that corresponds to the one light+d bulb selected at random by the
device. If correct, a 2000-Hz tone is recorded on the tape. Ifincorrect, a 4000-Hz tone is
recorded. The difference in time between the lighting of the red bulb and the switch press
is the measure of RT. Whether correct or incorrect, the pressing of the switch tumns off
the bulb and triggers the next random choice of lighted bulb. Computer-aided readouts of
cassettes containing data on tests given at the beginning and ending of the watch periods
to a limited sample from all experimental groups listed the number of attempts, average
RT, errors, and gaps (RTs > 1 second) at the end of each minute of the S-minute test.
After other testing routines had been stabilized, subjects on the 0800-1200 and
1200-1600 watches were tested on the Wilkinson-Houghton device as soon as possible after
commencing a watch, and the same subject was tested again toward the end of the watch.
From one to four subjects were tested during a given watch so that the initial time in noise
(or quiet) before the start-of-watch test varied trom about 10 minutes to 40 minutes. The
time on watch, between the first and second tests, averaged 3 hours £15 minutes. No
predeparture baseline tests--in fact, no practice tests of any type were given, However,
practice runs for as long as each subject desired were given prior to the actual timed
S-minute test,

MODIFIED STROOP COLOR WORD TEST

During the time that one experimenter was administering the four-choice RT test,
the second experimenter was administering a form of the Stroop test to another subject
in the work environment. The Stroop test measures perceptual interference. In the ori-
ginal (its more usual) form, five colors are used in three ways: color names in black ink
(WORDS), ¢olor patches (HUES), and color names in incompatible hues of ink (for example,
the word RED spelled in green ink (MINEDY, The subjeets usual task is 1o name as many
WORDS, HUES, or MIXED hues (not spelled words) as possible in i fised time, or to sort
out sets of lubeled cards while an experimenter times him. The measure of pereeptual
interference is the ratio of (or differences betweeny ink hue (MINED) scores and vither one
of the other two scores,

The testing materials avatlable aboard ship teft over from praject PING) connisted
of only three colors {RED, GREEN, and BLUE), and initial testimg showed this to be too
cusy a tusk, o color pairs were used as follows: puirs of color words, color patehes, and
color names printed in incomputible hues were placed on 36 virds. For the color mmes
printed in black ink (WORDS b and for the color patehes (HUES), there were Tour replicas
tions of all possible combinations; for example, there were four RED REDS, fow RED
BLUES, four RED GREENS, four BLUE BLUES, Tous BLUL RFDS, four BLUE GREENS,
tour GREEN GREENS, tour GREEN REDS, snd Tour GREEN BLULS, For the invompat-
ibly colored ink nanies (MINED), there were necessarily four permutatinons of each combis
nation; for example, RED RED was printed in hues ol REUF BEUE, BLUE GREEN, GREEN
GREEN, and GREEN BLUE, av were RED BLUE, RED GREEN. ete. A box wans made up
with nise hins identified with pas of colored pitches to printed words) and subjeets were
asked B sord the shadtled dieck ol 3o printed WORD paies into the nute bans tsee Fig 18 and
1Sh) They were Hmed with astop wateh, Second, they sutel the 36 color pateh rds
CHUES) into the nine bins an. tinally, the 30 mvompanble hue wonld vand pain (MIXED),
This win dune on 35 subyects at the Begimig and towand tie vnd ol o Shout waleh period,

LR L




Figure 13. Picture of the Wilkinson-Houghton portable four-cheice serial reaction
time (RT) tester.

Pigure 14. A subject protected by an SPP earphone cushion taking the RT
test while on walch.




Frgure 15, Pretnres of maiiied Stroop volor word st s used on ORISKANY,




always in the order WORDS, HUES, MIXED. 1t was done in the watchstanders’ working
environment. Since as many as four subjects were sometimes tested by one experimenter,
the elapsed time between tests was closer to 3 hours than 4.

The basic raw score consists of the time in seconds required to completely sort the
decks of cards into the bins, one score for the printed WORD pair in black ink, one for the
color-patch (HUE) pairs, and one for the incompatible ink-hue word-pair cards (MIXED).
There were very few errors, but when an error occurred a 3-second penalty was added onto
the time score.

RESULTS AND DISCUSSION
AUDIOMETRY

As stated in Method, despite every effort to get the men to their postwatch audio-
metric test as soon as possible after their exposure to noise, it did not work out. Preliminary
investigations of prewatch and postwatch audiograms showed a slight, nonsignificant increase
in hearing acuity after the watch. Although not large enough to belabor, the apparent reason
was increased arousal level, On average, and especially for those going on watch at midnight
and 0400, and to a lesser degree for those going on at 0800 and 2000, the subjects were
often half-asieep during the administration of the prewatch audiogram. At the conclusion
of their watches, the men may have been physically tired, but they were certainly wide
awake and apparently attended somewhat better to their audiometric tests.

Since the temporary threshold shifts at the conclusion of the 4-hour watches were
not immediate and therefore of 1o diagnostic value, an effort was made to find whether any-
one sustained a measurable hearing loss over a 10-day continual steaming period. Two audio-
grams on each man, one prewatch and one postwatch, were taken after at least 10 days at
sea. These audiograms were then compared to each man’s baseline audiogram. The resulting
number of complete sets of three audiograms per person actually totaled 40, However, the
swings or deflections made by one subject between his heard and not-heard judgments were
often so long (210 dB) that threshold level could not be determined objectively, and hix
audiometric set was discorded. Thus, the final total way 39 sets of audiograms. OF these, 11
were from the quiet group (Q, fig 16), 11 from the protected group (PN, fig 17} and 17 from
the unprotected group, OF the unprotected 17, nine were known 10 be unprotected all the
time (UN, fig 18). Some doubt existed about vight as to whether they did or did not wear
carphones (protection) most of the time, These eight were removed from the unprotected
group to make up a fourth group called assunmed unprotected (AUN, fig 19).

The hearing fevels tHLs) below 2 k2 for all groups were high, as it low-frequency
noise musking was a factor, However, noise mueastrements in the booth indicated the
contrary, leaving two possibilities: unsatistactory carmul? seils or an owt-otcalibration
audiometer. Since the audiometer was calibrated betore the study began, the carmulT seals
must have been faunlty,

The averages shown in figures 16 through 19 indicate higher haseline threshiolds in
the left ear ut the three lowest frequenvies. This could very well be i practice effect, sinee
e bel't ear buseline thresholds were the finst that i subject worked on i this testing Tormat,
This would explain the fact that the unprotected umd assiuned unproteeied lelt earns showed
no threshold shifts in the lower Creguenvies w the prewateh and postwateh audiograms
while the right cars did show some, particularly i the postwadels tests,
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watch (& ) average hearing lovels for 11 subjects in
the PN group for the left ear (top) and right ear
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The high hearing levels (HLs) for all groups at 3, 4, and 6 kHz, shown in tabie 3,
indicate that at least some members of each group have reduced acuity (probably PTS from
long-term noise exposure). The quiet group shows no threshold shift in the postwatch audio-
grams, whether compared to prewatch test or baseline test. The protected group shows a
mean 2.1-dB threshold shift in the postwatch test above 2 kHz in the left ears but none in
the right ears, The assumed unprotected group shows a possible postwatch audiogram shitt
at 6 kHz in the feft ears and at all frequencies in the vight cars. The unprotected group shows
shifts at all frequencies above 2 kHz in the left cars, as compared to baseline but not as com-
pared to the prewatch audiogram: the right ears show the same at frequencies above 2 kHz,
but there are also shifts at 1 and 2 kHz with respect to both baseline test and prewatch test.
All postwatch 3--8-kHz threshold shifts from baseline audiograms were evaluated by the
t-test of significance: the only one found to be statistically significant was the 5-dB mean
shift at 4 kHz found in the right ears of the unprotected group. This shift wus significant
at better than 0.01 probability level. Significance of mesn shifts of combined prewatch and
postwatch thresholds from baseline was also checked (both by t-test, analysis of variance,
and F-test), but these data did not reach the 0.01 level of significance.

As might be expected, the mean audiograms for all test sessions combined dipped
lower in the high frequencies for the two unprotected groups than for the protected groups.
The mean 3-8-kHz hearing levels were 10.4, 10,0, 15.3, and 15.5 dB for the quiet, pro-
tected, assumed unprotected, and unprotected groups, respectively. How much of this
average S-dB ditference can be atiributed to the particular noise environments described in
this report is open to question, but the difterence strengthens the possibility that thereis a
gradual occupational threshold shift accruing, though too gradual to measure over one
steaming period with the degree of audiometric schedufe deviations described.

Independent evaluations of the senior author and i research audiologist from the
San Diego Naval Regional Health Center (Palimer Nefh) found eight of the 39 men with
observable changes in hearing level. Of these, four were in the unprosected noise group
and three were in the assumed unprotected group, and one was from the quiet group who
stood watches in the Engineering Log Room. Conversations with him (and some of his
mates from the same berthing arca) revealed that during any available leisure time he
listened constantly to foud rock and roll music. His mates finally persusded him to listen
through earplhiones to Keep the nuisanee value down. He stated he abways listened at the
loudest fevel he could tolerate. Except for his left car at S00 und 1000 He, he appers (o
have a rather consistent T1S of about 10 dB.

NOISE EXPOSURE

Although more detailed meusurements are available, the general resudts can be sum-
marized by noting that all spaces oceupred by the noise-exposed subjects (1) were very stable
in A-weighted noise level throughout any d-hour wateh at about 92 dBA (standard deviae
tion ® 7.9, {2) were cousistent within uny watchstunding ares, and (3) were never oulside
the lmits of 94 (£7) dB A-weighting, with Crwelghting minus A-weighting levels of Ste )
4B, The ambient level for the control subjects was 650+ 51 dBA with C-A difterenee of
Se 2148, The more detailed measurements are discussed furthier in the seetion an dostmetey
which lollows,
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TABLE 3. AVERAGE HEARING LEVELS (HL) FOR FOUR GROUPS
AT 3.4,6, AND 8 kiiz IN LEFT AND RIGHT EARS FOR BASELINE,
AND PREWATCH AND POSTWATCH CONDITION.

Quiet group (N=11)

Left Base ‘ Pre- l Post- I Right I Base l Pre- Post-
3 kHz 9.6 11.6 109 3kHz 94 9.8 8.9
4 13.6 149 124 4 14.6 14.3 134
6 13.2 11.8 12.4 6 170 114 9.7
8 5.2 4.7 5.6 8 5.1 4.4 49
Mean 104 108 10.3 Meaa 115 10.0 9.2
Mean HL for all conditions = 10.4
Protected
Left (N=11) Right
3kHe .1 123 134 3kHe 6.1 6.0 78
4 149 13.8 164 4 1.3 10.4 8.6
6 15.2 13.7 174 6 10.6 10.1 10.4
8 6.4 7.2 8.1 & 26 3.6 kN
Mean 1.9 S 138 Mean 1.7 7.5 7.0
Mean HL for all conditions = 10,0
Assutied Unprotected
Lott {N=R) Right
3kHe 16.8 16.5 159 ke 134 130 15.1
4 210 170 2.8 4 126 175 154
[ 124 [ERY] 16.6 [ 26 204 234
5 o8 9.1 54 8 0.3 00| 48
Mean 149 14,4 13.7 Mean 2 152 174
Mean HL for all condittons = 15,3
Unprotected
Left IN=4) Right
AkHel 1586 156 17.6 Ay [ 148 4.2
4 LN R 0.2 4 14.0 ta.R 1.0
6 17.1 0.1 158 o 9w [EX) 15.3
K 12 201 179 X 4 100 1H8
Mean 159 194 186 Mean 1.4 4.1 RER

Mean HE Tog all conditions = 18,3




DOSIMETRY

Figure 20 shows the equivalent noise levels as measured by dosimeters which were
worn on 77 separate occasions (4-hour watches) by 40 subjects in 11 different spaces. On
14 occasions the same man wore a 5/90 and a 3/85 rule dosimeter and these pairings are
plotted according to the identity of the pairs as open symbols in figure 20. If (1) each
member of the pair was accurately designed and calibrated, (2) the microphones were worn
at the same general focation, in breast pockets or on the belt, for the entire time, and (3)
the assumption is correct that equivalent steady-state levels can be used as a datum, then
these paired dosimeters should define a 45-degree line in figure 20. Of the 14 pairs, 11 are
within S dB of defining the same noise level. The pairs at 70-78 (2 and 5), 83-68 (3 and 6),
and 92-98 (4 and 7) do not meet these criteria. None of the out-of-line pairs have enough
other points to determine whether they are in fact out of calibration or whether some other
artifact entered into the mismatch. The pairs most often matched (1 and 5 six times and
2 and 6 three times) do fall into a linear configuration with a slope somewhat less than 45
degrees, The other points on figure 20 are measurements by a single 5/90 (x), 3/85 (), or
3/60 (+) dosimeter and plotted on the 45-degiee lines. They define a histogram of the noise
exposures encountered in the study. There is some question of the validity of the four non-
circled data points at 71, 72, and 73 dBA since they represent doses of 2, 2, 3, and 4 per-
cent, which is also the case for the lower reading of the 70-78 and 83-68 pairs previously
mentioned as being beyond the usable vrror range. Percentages of 4 or less are suspected to
be due to circuitry noise (errors),

The modification of the 3/85 dosimeters to Jower their thresholds to 60 dBA, called
3/60, was not satisfactory for usage in quict areas aboard ships. The reason is that their
dose reads only to 999, which corresponds to an equivalent steady-state level of 73 dBA.
This obviously is not a sufficient range (note the truncation or bunching of datum points
at 73 dB). Aboard aircraft carriers, an obviously better choice, or simple modification,
would have been a threshold of 70 dB. 1 actuality, for research purposes, dosimeters that
give the amount of aecumulated time that the levels exeeed each 3- or S-0B step would be
more appropriate,

The object of using the dosimeters wits not to eross calibrate them, but to see
whether they predicted in any way observed noise-induced hearing losses and/or to see
whether their measures correlated with physical levels measured in the work areas. As slated
previously. the prewateh versus postwateh audiometric dota were not well controlled, but a
measure of Heday TTS was nsed to dentily subjects. Tables 4 and § are kid out to answer
both these questions: Are the noise exposures greater ur the men showing some TTS? And
how noisy are the work areas in terms of equivalent stewly-state noise level (ESSNLY?

Fram tuble 4 it is upparent that there is no sigssificunt noise exposure level differency
hetween the eight subjects who exhibited some 10-day TT8 and those who did not. The only
thing thuroughly vonvineing is that the subjects who notmally wore hearing protection were
Dot among the eight exhibiting TTS.

Concerning the comparison between ESSNL and physical noise Jevels, it can be ob.
served from tables 3 and 8 that the agreement is within 2 dB and not statatically different,
And both agree, witd observation conlinns, the levels in Alter Steering are gencially ugher
and tnore viriable.

Concernimg doses within the sune work area, there are variations {from 84 1o 98 m
Fire Room 1, RO 10 98 in Fire Room 2, 81 1093 in Forwand Engine Reom, and 83 to 101
n Allter Steening). Physical meustrements agree in geneeal, buat people do occastonally
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EQUIVALENT STEADY-STATE NOISE LEVEL 'ESSNI BASED ON 5/80 dB RULE
IDOSIMETERS 1, 2,3, & 4)

Frgute 20, Bquivalent steadysstate noise fevels for 53 dusimetes readings
vomerted by using figue 7.

fewve the nony areaand there! v reduce their exposure. 1 there were no ditferences, there
wonghd be no need for dosimeters in spaces such as these, which are in fuct remarkably steady
n e level
There are only two dosimeter readings in berthing areas toft wateh), and both show

. levels well ahove those in the houses ashore in which it is assumed civilian industrial workers
revover fram thewr S-Dour noise exposures, in the original plans for this study the deierming:
tion of leptte-hour spave noise exposure fevels was of major concern; but when the recording
inteprating setind level measirement equipment got Hed up in a higherpriority i better
financed project, Ui piase had to be dropped. With the meager data svailuble, the guestion
ut whethes the enght subjects with 10qday TTS were more vilnershle v their nnise environ-
mient dunng 4 heuns on walch or o their lack of 3 quiet recovery area cot™) not be answered,

FOUR-CHOICE SERIAL RT TEST

Pie tewulte of the Tuurschoree reachion test given st the begomng amd emd of 2 Shour
swate ate bisphay ed i igtures 2103 Fygure 21 shaws the teaction time in sevonds at the
eind st each e of the S mnutes of the Wk, The Dguge ts Rad oui i theee groups, Trom top

| tos b, eiplit o the masweexpased unprotecied subjeets TURD, eight of the naneesposal
protected subjects (PN and seven of the aonesposed coet-ol group (01 The subjects ure
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TABLE 5. NOISE LEVELS IN MACHINERY SPACES.
EQUIVALENT STEADY-STATE NOISE LEVELS (ESSNL) BASED ON DOSIMETER
READINGS AND PHYSICAL SOUND LEVEL METER (SLM) MEASUREMENTS,

ESSNL from SLM from
Table 4 & Figure 20 PMU 6 (ref 5)
Standard Standard
Fire Rooms Mean Deviation N Mean Deviation N
1 90.5 3.1 17 92.0 2.8 18
2 89.8 39 14 88.4 3.5 17
3 87.0 0.0 ! 89.5 4.2 15
4 80.0 0.0 1 214 29 14
Fwd Eng Rm 89.5 4.7 18 928 3.2 63
After Steering 91.1 6.5 13 94.0 6.0 37
s Avg 89.9 4.5 62 91.6 79 165
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Frgwe 21, Subjeets rankeordered by RT on endsofowateh tes,

rank-ordered fram lett 1o nght on the basis of the reaction time LR test at the end of the
awateh, whivh in actudity s the sweeond giving of the test or retest. Thow at the extreme
teft have the shortest RT, and each siteceeding subject to the righit takes progressively tonger
o reaet, The geners] trend for all sitbjects is to detenorate in performmee Honger RTs) Tor
cavlt stcvesding minute of the test and 1o merease in perfocimance tshorter RTs or the
secomd test tat the emd of a dhour wateh),
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Figure 23. Average RTs, gaps. errors, and gap plus errors.

A measure of the deterioration (increase) in RT over the S-minute testing period is
a positive difference between the sum of the RTs at the end of minutes 4 and S and the sum
of minutes 1 and 2. Table 6 shows these differences for each subject in each group and con-
tirms that 36 of the 46 differences are positive, The interesting point is that both noise
groups slowed down more after § minutes of testing at the end of the watch than at the
beginning of the watch, while the quiet group did the reverse.

Another measure of performance decrement with prolonged testing is the increase of
abnormally long response times first noted and colled “hlocks™ by Bills tret' 8, 1931) and
new often called “gaps” (soe summiry review by Poulton, ret’ 9, 1971), In this four-choive
seriad reaction time task, o gap is defined as any response time greater than | seeond. The
difTerence between the number of gaps at the end of minutes 4 and § and of minutes | and
2 gives u measure of this type of deterioration, These differences are ilso shown in tuble 6,
Note that the quivt subjects show o decreasing rate of deterioration on the end-ol-wateh test
while the two noise groups show the reverse. In summary, both the RT and gap measures
show greater rates ol deterioration for the two noise groups on the end-of-wateh test and
tess for the quiet group, although none of these observations reach statistical significance,

1 should be remembered that these subjects took the tests during their watehes i their
wileh stutions, There were noticeable job-reluted distractions, such as their mates’ reacting
in very active and meaninglul ways 1o gauge pointers out of limits, ete, and some of these
“incidents™ are reflected in spurious points in figure 20, Ui believed that larger samplings
i slightly more remote positions would have tghtened up the results, As they stand,
however, they truly represent the effects of the environment on the man’s performance,

1t is not possible to bave realisim and still get results with laboratorylike prevision,
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TABLE 6. SUMMARY OF DETERIORATION IN REACTION TIME (RT) AND
INCREASE IN GAPS BETWEEN TESTS 1 AND 2 (START AND END OF WATCH).
THE DATA ARE DIFFERENCES IN RT OR GAPS BL.TWEEN THE SUM OF THE
SCORES AT THE END OF MINUTES 4 AND 5 AND THE SUM
FOR MINUTES | AND 2.
Reaction Time Gaps
End Start Ditference End Start Difference
“
3 -4 7 0 0 0 i
98 116 ~18 3 6 -3
98 112 ~-14 4 6 -2
Quiet Group (Q) -29 91 -120 -3 8 -1t
155 217 -62 4 2 2
55 185 -130 2 9 -7 1
19t ! 120 12 7 S
Mn 8l.6 t2.6 =310 3.1 5.4 -2.3 3
[ 78.5 730 85.0 4.6 33 50
9 69 10 4 2 2
60 84 -24 s 4 i
21 ~50 n 3 -4 7
[#3] 45 76 -3 3 -6
Protected Noise Group -3 26 -29 0 4 -4
189 9 180 7 1 -0 3
(PN) 12 -127 139 7 =12 19
-7 87 -158 7 1] -4
Mn SLo 179 331 38 1.9 1.9
[} 80.2 739 107.1 3.7 70 8.1
3 ~64 97 -2 -10 ]
72 130 47 2 4 -2
87 ~68 188 6 | S
Unprotected Noise Group =35 6 4| -1 8 =
7 148 =7 0 -2 2
(UN} 52 38 87 \ 2 -1
50 133 -83 s 6 -
142 66 76 4 -1 H
Mn 9.1 40.6 18.5 19 10 o8
¢ 50.2 916 948 29 5.6 53

In addition to ongoing changes it is also important to look at uverage changes for the
whole S-minute test between the start- and end-ol-watch tests. These are evident in figure 21,
where it can be noted that in the unprotected noise group (UN), seven of eight subjects show
consistently reduced R'Ts and gaps at the end of the watch,

The protected group (PN shows only | consistent timproved ) subject, number §,
theee highly variable, tnd Tour subjects that vary inconsistently and minimually between the
beginning (first) and end (second) of watch tests, On the average (see g 220, te end-ol-
wateh RTs are slightly shorter,
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The control group (Q) resuits in figure 21 show four subjects with censistent end-of-
watch improvements and three variable subjects, but six of seven with an average improve-
ment (fig 22). The gap data (fig 22) disagree on only one subject, number 3.

In general, the error rate is not high in this type of test, and that was true for this
sample. Errors are listed in tabular form on figure 22, and there are but tive subjects who
make more than 20 errors (out of about 500 tries per subject, so that 20 errors represents
an error rate of 4%). Three of these are in the PN group.

Figure 23 shows experimental group averages in terms of RT, number of errors, gaps,
and gaps plus errors, Note that all grougs show a reduction in RT and gaps, and all except
the PN group show a reduction in crrors plus gaps.

In summary, the four-choice serial reaction test results given within the first half-
hour (start) and last half-hour (end) of a watch show that all subjects tend to deteriorate
toward the last 2 minutes of the S-minute task both at the start and end of a watch. However,
the rate of deterioration for the two noise groups is greater at the end of the watch while the
reverse is true for the quiet group. Averaged over all S minutes of the test, all groups show
improved performance on the end-of-watch test, due in large measure to the fact that it
was the second time they took the test. The amount of improvement was greatest for the
UN group, who also did the worst on the first test. The improvement in RT (shorter) and
tries (more) was accompanied by a reduction in gaps,

The results could be explained by assuming the noise aroused the UN group to
greater effort (more tries and shorter RTs), but that within the S-minuts sustained test the
rate of deterioration was increased by the noise exposure,

MODIFIED STROOP COLOR WORD TESTS

Since the subject populations in these tests kept changing, it was not feasible to run
this test on subjects prior Lo the time-insnoise at sea, Therefore, since there was no baseline
test, there was a karning factor involved und the second test (given at least 3 hours after the
first) was always performed in less time, us can be seen in table 7 and figures 24 and 25,
Table 7 and figures 24 and 25 show the results averaged over the three groups (Q, PN, and
UN) for the three types of Stroop materials (WORD, HUE, and MIXED) tor both the start
ofwitch (1) time reduction ratios (g 24) and (2) differences between all combinations of
WORD, HUE, and MIXED TIMES (fig 25). Arrow lengths represent changes in these
quantities with the second giving of the test. Note that: (1) all groups performed all tasks
in less time on the second presentation of the test, (2) all groups took less time to sort the
HUE cards and more time to sort the MIXED cards, and (3) the Q group ook appreciably
more time on the fiest MEXED sort and showed the greatest improvement on the second
MIXED sort, The amount of improvement (tinwe reduction) on the end-of-wateh test is
plotied at the bottom of figure 23, Over all groups and materials the time reduction ratio
(13T ) averaged 081 Ueft ordinate) so the average improvement was 1,23 (right ordinate),

The significinee of the Stoup test lies in e amount of pereeptual interference ine
duved by printing the color names in incompatible hues here expressed as the difference
between te MEXED seore amd the HUE seore andjor the difference between the MIXED
and WORD seores. The HUE minus WORD dhiferential is o neutral meastre that can e
wedd s 3 haselite oF comparion teasure for the other two. The three differences tor both
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TABLE 7. SUMMARY OF MODIFIED STROOP COLOR TEST RESULTS IN
SECONDS (WITH CORRECTION FOR ERRORS; IE, 3 SECONDS

ADDED PER ERROR).
w H M HW M-W M-H

Quiet i 101 R 136 -9.0 35.7 447 I
Group 2 82 3 92 -8.6 10.1 18.7 2
=9 201 0.83 0.80 0.68 -0.4 25.6 26.0 1-2
Protected 1 97 85 125 -12.1 29.5 389 1
Noise 2 82 7% 96 -6.2 13.8 19.3 2
Group 21 085 0.85 0.77 -5.9 16.0 19.6 1-2
a=13

Unprotected 1 108 93 12§ -12.0 199 319 1
Noise 2 83 77 101 -5.5 17.6 232 2
Group 2/ 0.79 0.83 0.81 -6.5 23 8.7 1-2
n=13

W = Pairs of color name WORDS in black ink

H = Pairs of color (HUE) patches

M = Pairs of color name words in incompatible ink hues (MIXED)

| = Start-of-Watch test (within first half-hour of 4-hour watch)

2= End-of-Waich test (within last half-hour of 4-hour watch)

2/1 Ratio of End-of-Watch to Start-of-Watch (time reduction ratio)
HW, M-W, M-H equal differences in sorting time scores

the first and second test on each of the three groups are shown in figure 25, Both measures
of perceptual interference show an appreciabie reduction for the two control (quict and pro-
tected noise) groups between the first and second test. Analyses of variance tasks on these
differences fail to reach significance, which is not surprising considering that the tasks were
given on watch with no prewatch or baseline practice test and the ongoing environmental
distractions were great, 1t is believed a larger sample given in situ but 20 feet away {with
back turned) from their usual watch station would increase the precision of measurement.

The reasons for the trends shown in the Stroop test results are far from clear. For
one thing, the unprotected group showed far less perceptual interference on the first attemnt
at the test (after being in 94(£7) dBA for 15 to 45 minutes). This could be an soutact from
the way the groups were (inadvertently) chosen: to wit: it became apparent after the initial
assignment of noise-exposed men to the protected and the unprotected groups that many of
the unprotected actually were sound-powered phone (SPP) talkers on at least some watches
and therefore wore an carphone-in-muft -a type of hearing protection. These men were con-
sidered to be in the protected group if they were SPP talkers when given the Stroop and
roaction time tests, However, they mayv have been selected as SPP taikers becuuse of their
linguistic abilities and the perceptual interference of the Stroop test is a linguistic interfer-
ence. At any rate, it should be remembered that at most these men represented fewer than
hatf the people in the protected noise group,

Another source of confusion in interpreting Stroop color word interference in noise
is the presence or absence of an auditoryjverbal factor, Do subjects sub-vocalize the name
of the color in the process of making *heir decisions? There was no reason to expect that
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they did, since the sorting bins were Tabeled by HUE (patches of cotor), not by WORD,
However, there is no way of knowing whal subconscious cues the subjeets did in fact use,
In any case, the use of WORD, HUE, or MIXED pairs as opposed to 4 single WORD,
HUE, or MIXED word makes this madification of the Stroop test dilferent Trom its wsual
application. Therefore, comparing these results 10 any other Stroop/noise results is of
dubious vilue, The results do, however, agree in kind with the results of the second experi-
ment deseribed by Hartley and Adums (ref 2, 1974) Their “wateh™ period was only 30
minutes as comuired o our 240 minutes and theretore their start-ofwatel test wans come
pleted within the Girst 10 minutes, whereas their end-ofswatel test was the fast 10 minutes
of u 30-minute period. Their end-ofwateh test was probably more similar to our start-ol-
witteh test, sinee it was often 20 1o 40 misutes into @ watel before we completed our first
test, Nevertheless, our major findings ave similar it that the “noise™ group did Gar wone
on the MINED tor their experimentab) testat the start of the wateh than did the quiet
group. And, sumilarly, both their and our nore groups showed Bitle or no change in
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interference scores at the end of the watch as compared to the quiet groups who, in both
cases, improved (showed loss perceptual interference) at the end of the watch.

CONCLUSIONS

The major observation of this shipboard (field) study is the almost insurmountuble
difficulty of running a controlled experiment on a not-to-interfere basis on subjects who
ure not highly motivated. Although all subjects did indeed sign “voluntevr™ statements, they
were not true volunteers. That is, it could not be sald that there were available more than
enoutgh subjects of the type needed and only the eager, conscientious ones stepped forth,
Their watch schedule was altered to include a *“dog watch™ every day vice once every fifth
day or week, and this seriously altected their sleeping routine -ut least, such compluints
were stuted. The experimenters had been led to believe that a daily dog watch was typical
in the in-3 routine snd were not propared for the antagonism this ereated.
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A second related observation was that the watch cannot be staggered by a factor
of £¥~% hour, even when preplanned and agreed to (in principle) with both the officers
in charge and the three-man teams assigned to expedite it. It appears that if extra duty
for which the subject sees no gain to himself is added, it must be exacted in a hard-nosed,
chain-of-command, continually supervised effort. This reaction in itseif may say something
about the fatiguing, irritating aspects of standing 4-hour watches in hot, humid, noisy
engine rooms.

Since it turned out to be impossible to get adequate immediate postwatch (noise)
audiograms, the compromise of finding 10-day (vice 4-hour) semipermanent threshold
shifts was used to evaluate the effects of continual I-in-3 watches (essentially 4 hours in
noise and 8 hours out) over a 10-day period. In this manner, eight (of 39) men were found
with observable threshold shifts from hearing performance levels shown by their baseline
audiograms (taken before the ship left port and after being in port for a minimum of 2
weeks: ie, the subjects not standing watches in the noisy fire rooms). Of the eight, one
was from the control, or work-in~quiet (the Engineering Log Room), group of 12 subjects.
This subject did, however, listen to very loud “music” whenever he had any leisure time.
Of the remaining seven, all stood watches in noisy areas (94 7 dBA); tour on no occasion
wore any hearing protection: three wore no protection but on some occasions wore SPP
earphones in cushions. These seven were from a total sample of 23 noise-exposed
unprotected subjects. None of the 11 subjects who always wore hearing protection were
among the threshold shift group.

Dosimeter results showed that the typical noise exposure in terms of equivalent
steady-state noise fevel in the space where most measurements were made averaged 89.9
dBA with a standard deviation ol 4.5, whereas physical measures averaged 91.6 dBA with
a standard deviation of 7.9,

On a psychomotor four-choice seriad reaction time test, all subjects (in noise and
quiet) deteriorated on the average when performance at minutes 4 and § (of a S-minute test)
was compared to performance the first 2 minutes, Atthough not statistically significant, the
quiet group deterioraied less than the protected or unprotected noise group. Similarly, ali
three groups showed improvement in performance on the reaction time test near the end of
the watch as compared to performance near the start of the wateh, There was apparently
a tearning factor. The unprotected noise group showed the greatest end-ofwitch improve-
ment, but this could have been because they performed worse than the others at the star
of the wateh (ater from 10 to 30 minutes in noise),

Porceptial interference was measured by o modifivation ol the Stroop color word
test, Again, al groups improved their overall performunce on the retest towand the end of
awatch, The unprotected noise growp had the least perceptual interierence on the start-
ofswateh test and the quiet group the most interference. Both control groups (quiet and
protected noise ) showed reductions in pereeptual interference at the end of o watch; the
unproteciad hotse group did not,

RECOMMENDATIONS
Lo Venly the resubts of tis preliminaey study by repeating the most signitivant

parts with an expanded shipboand team including a USN Chiel Petty Officer whose response
bty woukd be to expedite and achieve complianece with the controlled testing schedules,
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2. Develop a wearable noise level accumulator to supplement existing noise dosi-
meters (too simple)} and to better correlate performance and hearing tests to actual noise
exposure.

3. Implement educational and compliance techniques to get more people wearing
hearing protection to help save their hearing, improve their psychomotor performance, and
reduce their perceptual interference in noise.
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